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Objective. To review recent data on the nature and pathobiology of periodontal
infections and to elaborate how periodontal infections might increase sus-
ceptibility to some important systemic diseases and conditions.
Data sources. Medline literature search and websites of the American Academy
of Periodontology and American Medical Association.
Study selection. Literature and data on periodontal diseases and their links to
systemic diseases.
Data extraction. Review of relevant information and data.
Data synthesis. Periodontal diseases, including gingivitis and periodontitis, are
among the most common infections of humans. They are induced by bacteria
and bacterial products of dental plaque and are characterised by inflammatory
destruction of tooth-supporting connective tissues and alveolar bone. A growing
body of scientific evidence has shown that severe periodontitis may enhance
susceptibility to certain important systemic diseases and conditions, for example,
cardiovascular disease, diabetes mellitus, adverse pregnancy outcomes, and
pulmonary infections. The clinical implications of the emerging specialty of
periodontal medicine for dental and medical practitioners are postulated.
Conclusions. Periodontal diseases may be risk factors for cardiovascular disease,
diabetes mellitus, adverse pregnancy outcomes, and pulmonary infections.
Dental and medical practitioners should be aware of the clinical implications of
these inter-relationships and treat affected patients in collaboration for better
oral and general health.
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for certain systemic disorders—what
matters to medical practitioners?
Introduction
Periodontal diseases are among the most common infectious diseases of humans
and are characterised by bacterial-induced inflammatory destruction of tooth-
supporting tissues, including alveolar bone. Gingivitis is the contained form of
periodontal disease that manifests as redness and swelling of the gums, which
bleed easily on stimulation such as occurs during tooth brushing. Gingivitis may
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remain contained in the marginal gingival tissues or it
may develop into periodontitis with destruction of tooth-
supporting periodontal tissues and alveolar bone—this is
termed periodontal attachment loss and alveolar bone loss.
With progression of destruction of the tooth-supporting
tissues, pockets form between the teeth and the surrounding
detached periodontal tissues. Teeth may become loose and
may eventually be lost. Although periodontal diseases are
prevalent, advanced loss of periodontal tooth-supporting
tissues only affects a limited portion of the population in
both developed and developing countries.1,2 Most adults in
Hong Kong who do not clean their teeth effectively have
varying degrees of periodontal diseases and approximately
16% may show some evidence of advanced loss of peri-
odontal attachment.3
Nature of periodontal diseases
It is estimated that 1014 normal or commensal microbes
reside on the surfaces of teeth, prosthetic implants, dentures,
dental restorations, and the mucosal epithelia lining the oral
cavity, respiratory tract, gastrointestinal tract, and urinary
tract. The oral cavity contains almost half the commensal
bacteria in the human body—approximately six billion
microbes representing 300 to 500 species.4 In certain con-
ditions, some of these micro-organisms may become op-
portunistic species that contribute to local and/or systemic
infections. It is known that the oral microbial ecosystem
is highly dynamic and the oral cavity faces a constant
challenge of opportunistic infections and various oral com-
plications of systemic diseases and disorders.4
In some ways, periodontal diseases are among the most
unusual human infections. The major reason for this unique-
ness is the unusual anatomic feature that the tooth passes
through the integument, so that part of it is exposed to the
external environment while part is solidly rooted in the
connective tissues. In contrast to the outer surface of most
parts of the body, the outer layers of the tooth do not shed
and thus provide a relative stable surface for microbial
colonisation. This facilitates micro-organisms maintaining
continuous immediate proximity to the periodontal tissues.
Furthermore, the tooth surface and the attached micro-
organisms are immersed in an aqueous environment, where
any bacterial infection is less able to be controlled by the
potent mechanisms of host defences and antimicrobial
therapy.5
Periodontal diseases are understood to be initiated and
perpetuated by a group of predominantly gram-negative and
anaerobic bacteria from bacterial plaque, a sticky, colour-
less film that constantly forms on tooth surfaces, known as
a plaque ‘biofilm’.6 This constantly reforming bacterial
biofilm can be controlled by daily effective oral hygiene
measures such as tooth brushing and the use of dental floss
for cleaning between the teeth. If personal plaque control is
ineffective and plaque build-up occurs, inflammation of the
marginal gingival tissues usually ensues. Swelling of the
gingival tissues is one clinical component of the inflamma-
tory changes. This swelling of the marginal gingival tissues
leads to the deepening of the gingival sulcus that is found
between the tooth and the surrounding gingiva. This deep-
ened gingival sulcus allows for the establishment of an
anaerobic environment below the gingival margin (gum line)
and the plaque that forms in this environment is termed
subgingival plaque. The subgingival plaque biofilm is
extraordinarily persistent and difficult to eliminate without
the professional tooth cleaning by a dentist or dental
hygienist. The amount of bacteria in the plaque biofilm in-
creases with increasing severity of the disease, as more root
surfaces are exposed to the environment that supports plaque
biofilm growth and adhesion. Deepening of the subgingival
environment allows for the establishment of a complex
subgingival plaque with many potentially pathogenic
micro-organisms. The important periodontal pathogens
include Actinobacillus actinomycetemcomitans, Bacteroides
forsythus, and Porphyromonas gingivalis. These and other
bacteria and their toxins irritate the periodontal connective
tissues and stimulate a chronic inflammatory and immune
response.6,7 It is believed that periodontal pathogenesis is
characterised by bacterial lipopolysaccharide (LPS) activa-
tion of a series of pro-inflammatory cytokines and inflam-
matory mediators from host cells, for example, macrophages,
neutrophils, and fibroblasts.8-10 The severity of the ensuing
periodontal tissue destruction is dependent upon dynamic
interactions between the microbial challenge and the
host immuno-inflammatory response, and these events are
influenced by a series of risk factors, including systemic
factors (diabetes, immunodeficiency diseases, stress, and
osteoporosis), genetic variations, and behavioural and
environmental factors (tobacco smoking).2,8,11,12
Periodontal diseases as infectious burdens to
systemic health
In advanced stages of periodontitis, the gums markedly
separate from the teeth. Continuing destruction of the peri-
odontal attachment and deep periodontal pockets may
develop with significant loss of tooth-supporting tissues and
alveolar bone. Under these conditions, the thin, highly
permeable, and frequently ulcerated pocket epithelium
is the only barrier between the bacterial biofilms and the
underlying connective tissues. The strands of the pocket
epithelium are easily broached, allowing large doses of
bacterial toxins and other products access to the tooth-
supporting connective tissues and blood vessels. In a pa-
tient with moderate-to-advanced periodontitis and a rela-
tively complete dentition, it has been estimated that the total
area of pocket epithelium in direct contact with subgingival
biofilms is surprisingly large, being approximately 72 cm2—
the size of the palm of the human hand.13 It is apparent that
in the presence of uncontrolled advanced periodontitis,
microbial-induced infection presents a substantial infectious
burden for the entire body by releasing bacteria, bacterial
toxins, and other inflammatory mediators into the blood-
stream that then affect other parts of the body. This notion
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represents a paradigm shift in thinking about the direction-
ality of oral and systemic associations.12
Oral, especially periodontal, infections have been
regarded as a source of focal infections for a long time.
Miller14 originally published his ‘focal infection theory’
in 1891, indicating that “micro-organisms or their waste
products obtain entrance of parts of the body adjacent to or
remote from the mouth.” Three different mechanisms by
which oral bacteria may contribute to non-oral diseases have
been described15:
(1) metastatic infection caused by translocation of bacteria;
(2) metastatic injury related to microbial toxins; and
(3) metastatic inflammation due to immune injury.
The focal infection concept has recently been given more
attention by the dental and medical communities. This is
largely due to improvements in methods of sampling,
cultivation, and identification of bacteria that revealed
the presence of micro-organisms well known to be oral
colonisers in a variety of infected non-oral sites.16
In recent years, a growing body of scientific evidence
has suggested an association between periodontal infections
and certain systemic diseases or conditions. The biological
basis and several potential mechanisms by which periodon-
tal diseases might influence these conditions have been
proposed (Fig). It is believed that the periodontal pocket
and the adjacent inflamed periodontal tissues may serve as
a renewing reservoir for the overflow of various bacterial
products, for example, LPS and inflammatory mediators
such as interleukin-1β (IL-1β), tumour necrosis factor–α
(TNF-α), and prostaglandin E2 (PGE2),7-9 into the circulation,
which may subsequently affect the vascular endothelium
and other cells and tissues distant from the periodontal
tissues.13 Moreover, periodontal diseases and some systemic
diseases and conditions may share common risk factors
(smoking, stress, and genetic factors) and aetiologic
pathways.12 It is conceivable that periodontal infections
might pose additional risks for susceptible people, contrib-
uting to serious diseases such as coronary heart disease and
stroke17; increasing pregnant women’s risks of having a
preterm, low-birth-weight baby18; and posing a threat to
people whose health is compromised by uncontrolled
diabetes19 or respiratory diseases.20 If these assumptions of
relationships gleaned from association studies are sub-
sequently substantiated by interventional clinical trials, then
controlling periodontal diseases would be established as not
just important for maintaining oral health and a functional
dentition for a lifetime, but also in contributing to keeping
the rest of the body healthy.
Periodontal diseases and cardiovascular diseases
Current research indicates that various clusters of inter-
active risk factors contribute to the onset of cardiovascular
diseases (CVD).21 The risk factors for CVD such as hyper-
tension, hypercholesterolaemia, and smoking do not account
for all the variations in the incidence and severity of CVD
and other, as yet unrecognised, risk factors for CVD may
play a role. These risk factors may include some common
chronic infections.22 Recent evidence for microbial infec-
tions (notably herpes virus and Chlamydia pneumoniae)
as independent risk factors for CVD illustrates these
concerns.23 Increasing evidence suggests that one of these
infection factors might be oral (notably periodontal)
infections.24 In recent years, extraordinary progress has
been made in understanding the link between periodontal
diseases and CVD, and the potential effect of periodontal
infections on risk for atherosclerosis, ischaemic heart
disease, and stroke.12,24 Clinical studies have found that
people with periodontal diseases are almost twice as likely
to suffer from coronary artery disease as those without
periodontal diseases.12,17 People diagnosed with acute
cerebrovascular ischaemia, particularly non-haemorrhagic
Fig. Periodontal infection and systemic conditions—potential linkage and possible pathogenic mechanisms
Cardiovascular diseases
- Chronic vascular challenge
- Vasculitis
- Platelet aggregation, adhesion
- Vascular fatty degeneration
- Cholesterol deposition
- Thromboembolic events
- Atheroma formation
Diabetes mellitus
- Decreased insulin-mediated glucose uptake
- Mediating insulin resistance
- Decreased insulin action
- Poor glycaemic control
Adverse pregnancy outcomes
- Inflammation of the placental membrane
- Impairing foetal growth
- Increased levels of biological fluids
- Increased risk of preterm labour
Pulmonary infections
- Reservoir of pathogens
- Aspiration into respiratory tract and lung
- Increased risk of pneumonia or worsening
   lung conditions
Periodontal
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stroke, were found to be more likely to have a periodontal
infection.25 Peripheral vascular disease and CVD may share
atherosclerosis as a common pathway. A recent study
showed that periodontal disease might be a significant
independent risk factor for development of peripheral
vascular disease.26
The biological mechanisms for the observed association
of periodontal infections with CVD and stroke are not fully
understood and no causal relationship has yet been
established.12 Infection is a well-established risk factor for
atheroma formation and thromboembolic events, however.
Three pathways linking oral infections to systemic effects
have been proposed,15,27 as already mentioned. Periodontal
diseases might affect heart disease through the mechanism
of oral bacteria, bacterial toxins, and induced inflammatory
mediators entering the blood stream and contributing to
chronic, systemic vascular challenge, directly resulting in
platelet aggregation, adhesion, and vasculitis, with the
subsequent cholesterol deposition, thromboembolic events,
and atheroma formation.12,13 Another possibility is that the
inflammation caused by periodontal disease induces
inflammatory cell infiltration into major vessels, vascular
smooth muscle proliferation, vascular fatty degeneration,
and increasing plaque build-up, which contribute to swell-
ing and thickening of the arteries.17 These events may lead
to atherosclerosis and atheroma formation, and result in
obstruction of normal blood flow, restricting the amount of
nutrients and oxygen required for the heart to function
properly, and eventually increase the risk of heart attacks.
In addition, CVD and periodontal diseases have a number
of common characteristics and may share a similar causa-
tive pathway through a hyper-inflammatory phenotype, for
example, increased release of inflammatory cytokines and
relevant mediators.12
Moreover, periodontal diseases may also exacerbate
existing heart conditions. It is known that poor dental
hygiene and periodontal or periapical infections may
produce bacteraemias even in the absence of dental
procedures.28 Bacteraemias may be intensified in patients
with periodontitis,29 and may occur during activities of daily
living such as routine tooth brushing or chewing. The
incidence and magnitude of bacteraemias of oral origin are
directly proportional to the degree of oral inflammation and
infection.30,31 It has therefore been recommended that
individuals who are at risk for developing infective endo-
carditis and are at risk for, or have, existing CVD are strongly
encouraged to establish and maintain the best possible oral
health through regular professional care and home plaque
control procedures to reduce a potential source of bacterial
seeding.28,29 For the same reasons given above for patients
at risk of cardiac events, establishing and maintaining good
oral health is also of great importance for dental patients
with joint prosthesis. With respect to prophylaxis for
endocarditis, patients at risk for infective endocarditis
may require antibiotic cover prior to dental procedures
likely to cause bacteraemias. In 1997, the American Heart
Association updated its recommendations for dental man-
agement of patients with infective endocarditis induced by
odontogenic bacteraemias.28 Several heart conditions require
special precautions by the dentist and the cardiologist prior
to dental treatment, particularly for patients with prosthetic
heart valves, those with a previous history of endocarditis,
and those with congenital or acquired heart defects (most
congenital cardiac malformations, damaged heart valves, and
hypertrophic cardiomyopathy).
Periodontal disease and diabetes mellitus
It has been known for years that patients with uncontrolled
diabetes have a high risk for periodontal diseases.32 While,
in recent years, at least one study has shown a two-way
relationship between periodontal disease and diabetes
mellitus.19 Increasing scientific evidence shows that acute
infections may alter the endocrinologic-metabolic status of
the host, thus leading to difficulty with glycaemic control.
Periodontal infection may adversely influence glycaemic
control in diabetes and decrease insulin-mediated glucose
uptake by skeletal muscle, resulting in poor glycaemic
control. Moreover, induced production of pro-inflammatory
mediators in periodontal disease also mediates insulin
resistance and reduces insulin action.19 It is conceivable that
unresolved periodontal disease could also increase blood
sugar, contribute to increased periods of time when the body
functions with high blood sugar, and make it harder for pa-
tients to control their blood sugar, putting poorly controlled
patients with diabetes at a higher risk of the complications
of the condition.
It has been shown that periodontal treatment directed at
elimination of pathogenic species and controlling inflam-
mation may have a positive impact on glycaemic control by
restoring insulin sensitivity in poorly controlled patients with
diabetes, possibly by suppressing glycosylation of proteins,
formation of advanced glycation end-products, and activ-
ities of matrix metalloproteinases and other inflammatory
mediators.19,33 Recent studies have shown that effective
control of periodontal infection in patients with diabetes may
reduce the level of advanced glycation end-products in
the serum.34,35 In this regard, prevention of periodontal dis-
eases and control of established periodontal diseases should
be considered an integral part of diabetes control.36
Periodontal disease and adverse pregnancy outcomes
Low birth weight, defined as birth weight less than 2500 g,
continues to be a significant public health issue in both
developed and developing countries. This obstetric compli-
cation is usually a direct result of preterm labour, in which
case it is referred to as preterm delivery of low-birth-weight
infants.37 It is known that various risk factors, such as older
(greater than 34 years) and younger (less than 17 years)
maternal age, inadequate prenatal care, smoking, drug and
alcohol abuse, hypertension, genitourinary tract infection,
diabetes mellitus, and multiple pregnancies contribute to
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adverse pregnancy outcomes.12,18,37 However, the recognised
risk factors alone do not wholly account for the high pre-
valence of preterm low-birth-weight infants. An important
factor contributing to this problem is the effect of maternal
burden of infection such as bacterial infection of the
genitourinary tract and bacterial vaginosis.38-41 Other than
local infection of the genitourinary tract, potential infec-
tions distant from the placental complex or the genitourinary
tract, due to an indirect action of translocated bacterial
products such as LPS and/or the action of maternally in-
duced inflammatory mediators may adversely affect
pregnancy outcomes.18,37,39,42 Therefore, periodontal disease
might be a newly considered risk factor of adverse preg-
nancy outcomes.
Periodontal pathogens, being gram-negative anaerobic
bacterial species, may cause inflammation of the placental
membrane. Bacterial LPS triggers release of a variety of
biologically active mediators (eg IL-1β, TNF-α, and PGE2),
which may contribute to premature labour.18,39 Periodontal
infections may also impair foetal growth and trigger in-
creased levels of biological fluids that induce preterm
labour. Case control studies showed that preterm deliver-
ies were 7.5-fold more common in women with severe
periodontal disease than in those with good periodontal
health.18 Women whose periodontal condition worsens
during pregnancy have an even higher risk of having a pre-
mature baby.43 It has recently been reported in Medical News
and Perspectives, published by the American Medical
Association, that “now we need to tell women that, if
possible, they should have a periodontal examination be-
fore they get pregnant or at least as soon thereafter as
possible, so that they can be treated and perhaps reduce
the chance of a premature birth”.44
Periodontal disease and pulmonary infections
It is known that one of the most common routes of infection
for bacterial pneumonia is aspiration of oropharyngeal
contents.45 Oral bacteria have been implicated in the
pathogenesis of this disease and, in this regard, dental plaque
might be an important reservoir for these potential patho-
gens.46 It has been shown that bacteria that grow in the mouth
and throat can be aspirated into the lower respiratory
tract and lungs to contribute to respiratory diseases such
as pneumonia or worsening lung conditions. A recent
epidemiological study showed that people with poor oral
hygiene were 4.5-fold more likely to have chronic respira-
tory disease than those with satisfactory oral hygiene.20 A
25-year longitudinal study showed that alveolar bone loss
due to periodontal diseases at baseline was an independent
predictor of chronic obstructive pulmonary disease
incidence.47 However, there is no strong evidence that peri-
odontal diseases directly cause chronic obstructive pulmon-
ary disease. Rather, periodontal disease may be an indicator
of risk for lung disease, and these two disease conditions
may share a common host susceptibility factor related to an
underlying inflammatory response trait.12
Dentist and doctor collaboration for better health
Dentistry and medicine have, to a great extent, been some-
what separate during the past 160 years, despite the fact
that they have the same patients in common.48 The current
theories of periodontal infections and systemic health inter-
actions represent a new and crucial area for research that
has far-reaching clinical implications. As the systemic dis-
orders discussed in this article (CVD, diabetes mellitus,
adverse pregnancy outcomes, and pulmonary infections) are
all affected by many factors, it is difficult to determine the
significance of periodontal diseases in the pathogenesis of
these diseases. More well-controlled intervention studies are
warranted to confirm that periodontal infections could be
true risk factors for these important systemic diseases and
that the management of relevant medical conditions could
be improved by periodontal treatment and regular main-
tenance care. It is known that some risk factors are shared
for periodontal disease and certain systemic diseases such
as CVD. It is essential that the dentists know more about
systemic diseases, and that the medical doctors know
about oral diseases and their associations with the systemic
disorders discussed above.
The advent of so-called periodontal medicine will
promote a strong collaboration of dental professionals and
medical professionals for better diagnosis and treatment
across specialities. With medical doctors and dentists work-
ing closely together, more patients with systemic diseases
are likely to be successfully treated, and patients will
benefit from predictable treatment regimens to save and
rehabilitate their dentition.48 The promotion of health and
management of disease should require interdisciplinary
education, updated knowledge and treatment strategies, and
state-of-the-art health care delivery. While recognising and
upholding the separateness of the dental and medical
professions and sustaining and expanding the body of know-
ledge and practice that has developed since the foundation
of dentistry as a separate profession from medicine, further
integration of dental and general medicine requires a better
communication between dentists and medical doctors, and
more responsibilities and effective team approaches in the
clinical management of their shared patients for better oral
health and general health.
Suggestions for the treatment of patients with
systemic diseases or conditions
Cardiovascular diseases
Patients with CVD and those known to be at risk for CVD,
from family history or from examination, for example,
hypercholesterolaemia, should be advised to have a
comprehensive periodontal examination and to undergo
appropriate periodontal treatment as indicated on the basis
of dental history and the findings of a periodontal
examination. The importance of long-term control of peri-
odontal diseases should be part of comprehensive health
education for such patients.
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Diabetes mellitus
Patients with diabetes, especially those for whom control
of the disease proves to be difficult and those at risk of
developing the disease, should be advised to have a com-
prehensive periodontal examination and to undergo
appropriate periodontal treatment as indicated. Physicians
should recognise periodontitis as a complication of dia-
betes mellitus and as a condition that, if left unresolved, can
complicate the management of diabetes mellitus. From a
dental point of view, patients with diabetes mellitus should
have a functioning dentition maintained or receive adequate
oral rehabilitation for good function.
Pregnancy
Expectant mothers should be advised to have a comprehen-
sive periodontal examination prior to pregnancy or as soon
thereafter as possible and preventive periodontal care should
be instituted to prevent pregnancy gingivitis. Appropriate
periodontal treatment at a suitable stage of pregnancy should
be delivered to pregnant women with active periodontitis to
help reduce the risks of adverse pregnancy outcomes.
Pulmonary diseases
Patients with chronic obstructive pulmonary diseases and
those at risk of developing such diseases should be advised
to have a comprehensive periodontal examination and to
undergo appropriate periodontal treatment as indicated.
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